Material Fabrication
Nanoparticles were synthesized by the authors using spray drying, 1 with details provided elsewhere. 2 99.999 % Ce(NO 3 ) 3 •6H 2 O (Alpha Aesar) and 99.999 % Ca(NO 3 ) 2 •4H 2 O (GFS Chemicals) were used as chemical precursors. As-sprayed particles were calcined in air for 2 h at 800 °C and crushed with a mortar and pestle. Particle size was estimated to be approximately 30 nm from Scherrer analysis of X-ray diffraction patterns, 3 Table S1 . Powders were compacted uniaxially for 5 min in an 18 mm diameter hardened steel die under 22 kN at room temperature before sintering a 1400 C for 24 h on a powder bed. Resultant microstructures are shown in Figure   S1 . Table S1 . Particle size of calcined CCO powder from XRD Scherrer analysis. 
Total Conductivity
Total conductivity was determined from AC impedance spectroscopy measurements using Equation (S1), and is presented in Figure S2 . Figure S2 . Total conductivity of CCO.
Grain Boundary Nanocharacterization
Bright field TEM imaging was used to verify that CCO grain boundaries were free of amorphous intergranular phases at the nanoscale. Figure S3 shows representative images of grain boundaries in 2CCO and 10CCO, with the lattice fringes in the grains of the 10CCO specimen visible at the grain boundary interface. Figure S3 . Typical bright-field TEM images of (a) a grain boundary triple junction, and (b) a single grain boundary in sintered CCO.
EELS was used to assess local grain boundary chemistry and to quantify grain boundary composition via analysis of the Ca L 23 , O K and Ce M 45 EELS ionization edges. Figure S4 shows a typical unprocessed energy-loss spectrum prior to background subtraction. For background subtraction, an inverse power-law function was fit to the unprocessed spectrum in the background fitting windows specified in Table S2 . The fitting function was extrapolated (or interpolated in the case of a two-window background fit) into the spectral region specified by the 'signal integration 5 window' column of Table S2 and then subtracted from the measured signal to yield the integrated signal intensity used for quantification. 4 In this work, differences in specimen thickness were assumed to be negligible based on low-loss EELS thickness measurements. The 2 mole% and 10 mole% specimen thicknesses were 0.49 and 0.45 times that of the inelastic mean free path, respectively. Since the k-factors were determined from the same samples, a correction for plural scattering is effectively included in the elemental analysis. Figure S4 . Unprocessed core-loss spectrum from a GB in 2 mole% electrolyte showing the edges used for quantification. Figure S5 . A representative anion-to-cation EELS intensity profile acquired in 10CCO, and corresponding to the GB shown in Figure 3b of the text. Ion concentrations were estimated using the k-factor method, which enables quantification of the concentration of an element, e.g. in Equation (S2), using EELS. If electron scattering crosssections, e.g. , are known, or by assuming they are constant under the employed measurement conditions, one can estimate elemental concentration using Equation (S2). 5
Here, the O:Ce k-factor, i.e.
, was determined using fragments of a CeO 2 pellet that was crushed between two glass microscope slides. The pellet was heated to 700 °C in air prior to kfactor measurements to achieve oxygen stoichiometry. was found to be 3.04 ± 0.27 (mean value ± standard deviation) from 15 measurements, and is in good agreement with that published by Manoubi, Colliex and Rez who reported 3.08 ± 0.19. 5 The mean was determined to be 0.54 ± 0.10 from 16 measurements of different grains in the 10CCO, wherein the nominal Ca:Ce concentration ratio was assumed. The grain boundary composition of 2CCO was determined from five individual lines scans across three different boundaries. In 5CCO and 10CCO, six line scans of one boundary, and six line scans of four boundaries were used, respectively. Each grain boundary concentration measurement is provided in Figure 3d to illustrate the scatter in the data.
